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OR KE*AST*TIC TOOFOSION-II 



The present invention relates to glycosaminoglycan 
derivatives useful in the inhibition of endoglycosxdase 
^tty and of tu»or invasiveness or metastatic spread. ._ 

A class of biological substances called the pro- 

S. polysaocMrids groups of the proteoglycans were 
eLLlv called mucopolysaccharides bot now are 

derivatives of glucosamine or gelactosamine. 

A variety of enzymes mey be involved in the normal 
»etabolio degradation of proteoglycans. Initial proteo- 
glycan degradation often involves proteolysis to separate 

, or digest protein components. Such proteolysis results 
in the production of glycosaminoglycans. The _ 
" ly cosaL.oglycan. in turn are subject to ^ycos»mrn°- 
Ilvcan endoglycosid.se ensymic action which produces 
SSL gly^osaeinoglyoan fragments. The glycosamino- 

o ™ or fragments thereof are subject to glycosammo- 
^ycan exoglycosidese en.yeic action which produces 
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saccharides fro* the non-reducing ends of 
glyoosamlnoglycans . 

« Merest tn the endoglycosidases has 
An increasing interest in relationship 
5 arisen in recent years because of ape" 

of these ensymes with «— Biophys. Acta, 

static activity. '"^iety of oiigosaccharide- 

V 895. PP ( ^ reposed to he of interest 

^grading (i98J< Histochan . . 

10 in malignant dis ease _ desorlbe a a proposed 

Cytochem. V 30, ^^-''V™^ of endothelial cell 
mechanism- of degradation 

sasel lamina and^a r£»ted ^ lycans . Kramer et 

products fro, proteins^and , , jm , i!S1 reported 

„ al., < 1982 ' Bl f : o !V aase capable of cleaving 

a tueor-derived ^lycos^ase ^P ing heparan 

specifically glycosaminoglycans an 
sulfate-rich fragments. 

, t ai (1983., Analyt. Biochem. V 130, PP 

de^^-r^:"-— 

^^T:^ ^ described a 
25 (1983, Scrence. V "0, PP ^ an su i £ ate 

relationship of metastatic actrvr y 

uegradin, activity in melanoma ^ £ sul£ate 
aisappearax.ee of higher -^"^Ictrcphoresis. 
was followed by polyacrylamide gel electr p 
30 staining and densitometry, 

Viodavssyetal.. ,3983 "J^Z^^ 
„ ^cel- - ^ghiy metastatic line had much 
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higher liberating activity than did the low metastatic 



line. 



Ir imura et el.. (1983=. Prcc. A., sec. Cancer Res. V 
5 24 p 37, abstract 144), using high performence liquid 
cholegraphy, describe heparan sul.ate degradative 
ensyme activity of melanoma cells. Kafcajlma et al., 
(19 £, J. Biol. Che.. V 259, PP 2282-2290, descr.be 
characterisetiens of metestatic melanoma 
L. High spsed gsl permeation chromatography and chemical 

- ~sz.-zrr~- 

used for the measurement of hsparanase actxvity in 
various human melanoma cell lines (Hakajima et al.. 
~.« cancer Letters, V 31, PP "7-283, end sera from 
20 mammary .denocercinoma-bearing rets end »*™™ at 

melanoma patients (»a*aji«> et al., (1986) In: cancer 

^tastasis : Bxperimental end clinical 

welch, 8.K. Bhuyan, L.A. Lictta, eds. Alan R. uss, 

Sew xork, PP 113-122) . 

yrom the foregoing it may be ssen that •^ io "* 
interest exists in convenient, accurate and reproducible 
endoglycosidase assays and production of potent 

tumor metastases. 

T he ability of tumor cells to invade host tissues 
and metastasize to distant, often specific 
is one of their most important properties. Metastasis 
formation occurs via a complex series of unique 
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«»„r cells and normal host tissues 
^erections between ««^,. several discrete and 
and cells. These of surrounding 

selective step. -* of hlood , Is and 

tissues, penetration of lymp tnatlon into a 

, transport in lymph or . fc airtant sites, and 

serous cavity, ^^secondary lesions, 
survival and growth to form 

„ „. „ e continuous sheets of extra- 
Basement membranes are ° and non . 
10 cellular matrix composed of~ll 9 ^ 

ccllagenous proterns an * '^/interstitial connective 
parenchymal cells from ^«^ 9 per meahilities and play 
tissue. They have ^^"^^ture. Metastasizing 
a role in ;*lntaining f^lal and endothelial 

„ t(m er cells must penetrate ep Mta .tssis, and 

basement membranes £™ ^ent membranes by 

the Penetration and -struction^ ^ 
invasive tumor cells b " bes^ ^ 
mi crosco P y. Since basement ^r MCrOTOl ecules, 
20 structures form- frorn^ -^e »ts ^ ^ 

^ractrp-c= of more then one tumor 
cell-associated enzyme. 
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0611-0°=- 

such as its P"^ 10 .^ ~ al.. - 
against macromo^cule Ka»ar atructurll 
Biol. V 86, PP 688-693) , B ^ 
component of basement «-*™^; ^ ^ 

£ibr onectin. ^ ^ed in the basal 

molecules have been against each component, 

iemina usin, antrbodxes rarsed^ g by 

^ingr^ract^s of collagenous and non- 
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collagenous protein components while protecting them 
against proteolytic attack. Thus, the destruction of HS 
proteoglycan barrier could be important in basement 
membrane invasion by tumor cells. 

The interactions between malignant cells and 
vascular endothelium have been studied using »° n ° la * ers 
If cultured vascular endothelial cells that synthesize an 
extracellular matrix resembling a basement membrane 
10 With this model, it has been found that metastatic B16 
melanoma cells degrade matrix glycoproteins, such as 
fibronectin, and matrix sulfated glycosaminoglycans such 
as heparan sulfate. Since HS was released in solution as 
fragments approximately one-third their original size, xt 
13 has been proposed that metastatic tumor cells charac- 
teristically have a HS endoglycosidase. 

The relation between metastatic properties and the 
ability of five B16 melanoma sublines of various 
implantation and invasion characteristics *° 
enzymatically degrade subendothelial extracellular matrix 
indicated that highly invasive and metastatic B16 
sublines degraded sulfated glycosaminoglycans faster than 
did sublines of lower metastatic potential (Nakaiima et 
25 al , (1983), Science V 220, p 611), and intact B16 cells 
(or their cell-free homogenates) with a high potential 
for lung colonization also degraded purified heparan 
sulfate at higher rates than did B16 cells with a poor 
potential for lung colonization (ibid) . 

The abilities of B16 cells to degrade HS from 
various origins and other purified glycosaminoglycans 
(heparin, chondroitin 4-sulfate, chondroitin ^-sulfate 
dermatan sulfate, keratan sulfate, and hyaluronic acid) 
h ave been studied. In order to analyze glycosaminoglycan 
degradation products, an analytic procedure was developed 
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<-< on chromatography (irimura 
usl ng high^eed^l v t30. P 1«. HaKa j ima * 

et aX.. * na1 ' 259 , p 2283). HS 

al.. WM^^^^i^J^ was puri^ «- 
B etabolically labeled >ith pYS _ 2 

Lsemenb Pr0dU :"LSeli.l matrices of bovine 

caroinoBa oelle, en« euben^elx (B0 E, 

aortl c endothelial ff^^ £roB bovine lung ana 

cells dbld). HS "° le ^ 3 er P e label ed with tritium at 
ether alycosaminoglycens «« ^ ^ la beled 

reduoin, termini usi^ ^ ^ Mll e!Ctra ets 
, ly cosamin*,lycans were J- ocliario acid 1.4- 

I„ bbe absence or presence o aMe lnni bitor, and 

^°" e ' ^^terstere analyzed by high-speed gel 
degradation fragments we 
permeation; chromatography. 

HS isolated from the Xracttrtstic mole- 

Me re all d^raded .l*^^, a cid. chondroitin 
cular weight, in cbntras* ^ sul£ate , 

e-sulfete. chondroitin «"^ £a ^ „ cre essentially 
«ratanSUlfa^^^ gly ce.aminogly«ns. 

undegradod, ^ time dependence of 

inhibited «S gradation J* weigh t "agments 

aegradatio* into particular mo „ s at specify 

indicated that melanoma heparan^ ^ 

intrachain sites^ibid)^ termini of 

HS cleavage points, labeU »g with %- 

HS fragments were investigated W x ls of 

t„ese saccharides WP*"* £rom H S fragments were 
Sauced terminal --saccharide s f r HS . dagra din, 

^^rr-— se (waranase) - 

enzyme responsible wa 
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liver cells, human placenta, and human platelets. HS- 
degrading endoglucuronidases in mammalian cells were 
reported previously by other investigators to be 
"heparitinases" to indicate heparitin sulfate C*^« 
sulfate) -specific endoglycosidase. However, heparxtinase 
originally was used to designate an elimination enzyme 
(EC 4.2.2.8) in f1 *™*™ G *erium IXZ&ZiMm, and this enzyme 
cleaves nonsulfate and monosulfated 2-acetoamido-2-deoxy- 
alpha-D-glucosyl-D-hexuronic acid linkages of HS. Since 
HS-specific endoglycosidases in mammalian cells are endo- 
glucuronidases, except for one found in skin fibroblasts, 
it was proposed that mammalian cell endoglucuronidases 
capable of degrading HS should be called -heparanases' , 
consistent with the currently used term "heparan 
sulfate" . 

High heparanase activity in human melanoma cells was 
demonstrated using a solid-phase substrate, partially N- 
desulfated N-["c] acetylated HS crosslinked to agarose 
beads via one covalent linkage (Nakajima et al (1986) 
cancer Letters, V 31, PP 277-283; Nakajima et al (1986) 
Anal. Biochem. in press). Ail of the 15 human melanoma 
cell lines tested were found to have heparanase activxty 
and almost all possessed high activities comparable or 
greater than that of the murine B16-F1 melanoma line. 
Human A375 melanoma variants of high lung metastatic 
pctential in athymic nude mice bad significantly higher 
heparanase activities than did A375 parental cells of low 
metastatic potential. 

High heparanase activity was also found in the sera 
from highly metastatic tumor-bearing animals and 
malignant melanoma patients (Nakajima et al, (1986) In: 
Cancer Metastasis : Experimental and Clinical Stategxes, 
5 D.R. Welch, B.K. Bhuyan, L.A. Liotta, eds. , Alan ». Lxss 
New York, PP 113-122). A significant difference in 
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normal adults ? ^ o£ serum heparanaee 

< H ' 35 ' P<0 - 05 '- enTlts and .aidant melanoma 

activities in normal adul ser<mi 

patients, were 3." and ^ f bavlng documented 

respectively. Some of p» JP ^ ^ 

-^■^ssr:^^" 

coagulation and reduce the form ef£e etively m 

cell thrombi in the a . cancer. V 

tee microcirculation Hrlgard . v 2 , pp x- 

ia , PP 75S-7«. 1^^ "-^ia-frea intervals and 
10 . *»«. reported ^ t ^ orin , Ration of therr 
le ss metastases in patrent ^ ^ M an 

^naecologicel =»cers. ^ ^therapy of 

adjuvant therapy agent with _ ^pontic effects 

inoperable lung V i±. P 

(Elias. Proc. »mer. Wsoc ^Ca no ^ £<Jund 

Ihst.). « i <* MlB tdlea^ ratewas lower than 

^at the cancer incid^oe -d ^ Mxt „ n sulI at. 

, expected for patients "^"^nit metastasis of rat 

- 7,000) has been used to ^ received 
£, tumors, and human ^"^h the 

• =^^rd^- ( — - 

V 20 pp 163-172, 1977). 

Monogr., V 2fi. pf . + . 

B ap«in and related ^^^^0 
35 anticoagulation ; propertUs ; agents 
been usepl elementally as 
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(Tsubura et al., (1977) Gann Monogr. cancer Res., V 20, 
pp 147-153; Hilgard, (1984) in Cancer Invasion and 
Metastasis, Biologic and Therapeutic Aspects, Nicolson et 
al eds, pp 353-360 Raven Press, N.Y.) The basis for 
this use was the assumption that platelet aggregation, 
together with activation of the coagulation cascade, 
enhanced the formation of tumor embolism and increased 
implantation and metastatic colonization of blood-borne 
tumor cells. In other studies on the effects of heparin 
on metastasis, however, heparin administration increased, 
decreased, or had no effect on tumor cell dissemination 
and organ colonization, depending on the experimental 
system. Mechanisms other than the anticoagulation 
effects of heparin on tumor metastasis were suggested by 
these results, but the possible involvement of tumor 
heparanase had not been considered. The present 
invention relates to heparin derivatives without anti- 
coagulant properties and which inhibit the heparanase 
activity of metastatic mouse melanoma cells. These 
substances were useful as tools for in vitr* and in Xiyo 
studies involving the role of heparanase in tumor 
invasion and metastasis. 

using oral administration of heparin in combination 
with hydrocortisone, it was reported that complete 
regression of established transplantable tumors in mice 
could occur through inhibition of tumor angiogenesis 
(FolKman et al., Science, V 221. PP 719-725, 1983). This 
suggested that anti-angiogenic substances could be used 

, for cancer therapy (J- FolKman in: Important Advances in 
oncology, de Vita et al., eds, pp 42-62, J.B. Lippmcott, 
Philadelphia, 1985) . In such studies heparin was 
administered in the drinking water of animals. For 
example, hamsters have been inoculated with 

5 transplantable pancreatic carcinoma cells and have been 
treated by receiving heparin or hexuronyl hexaminoglycan 
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. *«. iv ative, in their drinking water at 
mg/nl) . R«« 1 the hexuronyl 

migration in Boyden chambers ill 2UiES (R°ng 
Cancer, V 52. PP 586-590, 1986). 

been shown to be an imp e ^ 4a ™ v 180, PP 1332- 

separated 'into anti =o.^- r r n-- - r -_ 
fixture, hy use ox ZZZ, heparin signi- 

coagulant heparin. Both o£ . Mlls ^ 

ficantly inhibit the growth o£ «n»ooth m 

4- =1 circulation Res., v ax, ff 
3^ (Hoover et al, , C ^ Qns at a concentration 

which is indicative of growth in 
fractions inhibited intima 

dose of 100 USP units per kg body weight per hour 
dose or i-« inhibition of 

Sprague-Dawley rats resulted in v ^ 

0 m yointimal growth (Guyton et al., Circul 
pp 625-634. 1980) . 

^rthe, studies indicated that the minim™ fragment 

.is.^-«- ril rcrh.= h =- 
■ 5 r^-^-^---- sobtaine4with 
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a 12-residue heparin. Most modified heparins (totally 
desulfated, N-desulfated, and totally desulfated re-N- 
acetylated) lost their anti-prolif erative activity, but 
the N-desulfated N-resulfated heparin and the N- 
5 desulfated N-acetylated heparin retained full growth 
inhibitory properties (Castellot et al., J- Cell. 
Physiol., Vi2fl, pp 315-320, 1984). Diseases, such as 
arteriosclerosis, develop over a long period of time. 
Therefore, the main use of such treatments might be in 
10 vascular damage due to trauma or surgery, such as artery 
vein grafts or arterio- venous shunts for kidney dialysis. 

The present invention comprises novel compositions 
and a method for impeding the formation of tumor metasta- 

15 sis or tumor invasiveness in a host. The spread of 
melanomas and mammary carcinomas is inhibited by the 
derivatives described herein. The method comprises 
parenteral administration to the host of a glycosamino- 
glycan derivative substantially devoid of anticoagulation 

20 activity and which is an effective inhibitor of 
heparanase activity. Suitable glycosaminoglycan 
derivatives, which are useful as novel compositions in 
the method of the invention, include glycosaminoglycan 
derivatives of the following structure: 



25 




30 



Where 
R x is 



-COOH or -CH 2 0H and the 
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conf iguration =f the carbon atom to which B, is 
bound is Q or hi 

R 2 is -H or -SO3- 

R 3 is -H or -SO3-; 

r 4 is -H or -SO3-; 

R 5 is -H, -SO3- or -CO— CH 3 ; 

n is 3 to 30; and 

each of the terminal monomeric units 
is a monomeric repeating unit with the 
terminal oxygen atom being bound to a 
blocking group. 

H , -CH 3 ,- -S03 or CO-CH3 • 

- of^arin 
SSTS ^rsll or the, may he prepared by 
Variety of conventional synthetic techniques 
Llinistration to a tumor-bearing host of an effective 
administration to ^.imtive of the invention 

activity and a lessening of tumor invasiveness and 
metastatic spread. 

Heparin, a giycosaminoglycan which is effective both 
as a heparenase inhibitor ahu an anti-clotting agent, is 
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a preferred glycosaminoglycan for derivatization. Upon 
derivatization according to the present invention, 
heparin may be converted into a glycosaminglycan denva- 
tive substantially devoid of anticoagulant activity but 
5 yet being an effective inhibitor of heparanase activity. 
Reduction of heparin carboxyl groups results in the 
production of a glycosaminoglycan derivative inhibitory 
to heparanase activity but without substantially 
anticoagulant activity. Heparanase- inhibiting 
10 glycosaminoglycan derivatives having no substantial anti- 
coagulant activity may also be prepared from heparin, for 
example, by: at least partial K-desulfation and then N- 
acetylation; or at least partial N-, O-desulfation 
followed by N-resulfation. 



15 



35 



FIGURE l. Monomeric structural formulas which represent 
derivatives of heparin used in this study (actual 
structures obtained by derivatization are averages of 
monomerics units shown). Intact heparin; b, Partially 

N-desulfated heparin; flf completely N-desulfated heparin; 
d N-acetylated N-desulfated heparin; e, N- and O-desul- 
fated heparin; £ , N-acetylated N- and O-desulfated 
heparin; a, N-resulfated N- and O-desulfated heparin; h, 
carboxy-reduced heparin. 

FIGURE 2: Cellulose acetate sheet electrophoresis of 
chemically modified heparins. The sheet is 7.6 cm in 
total length, with 1.5 cm of stacking area blotted with 
water and 5.0 cm of separating area blotted with a 0.5M 
pyridine/0.5M acetic acid, pH 5.0 buffer. The electrodes 
are in the same buffer. Electrophoresis is performed 
under constant voltage (12 V/cm) at 4'C for 45 min. 
After electrophoresis, the sheet was stained with 
toluidine blue (0.1% toluidine blue in 1% acetic acid) 
and destained with 1% acetic acid. 
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FIGURE 3= .^ -^^ 

JSELSS^ U a flow rate . 

4-4 the column was kept at ^ jt 

SSSSAT-^-"— ■ '• 

Figure 1. 

FIGURE .-suits ° £ ^ -n/^c^^" 
anase activity in the ^""^"^Ltion chroma- 
neparin derivatives. \*>*~T£XZ * « - °° 1UBn 
tcrepny .y»te» ^ 7 s pp ^f on a Ma6 performed with 0.3 
16 of Frectogel TSK-WSSCS). Elutio .« P ach 0.5-ml 

„ ».=i et . «- 

fraction corresponding to 30 a raaioao tivity 
mi «d wit. 3 ml - ,««^rjr i ^- wit, hsat- 
determined. Panel A, <- 6 - B L6-melanoma cell 

equivalents) at 37 c for_6 , ^ ^ 

incubation a. & anTanalysis as B. 

inactivated. E. *ame ^^J^^on mixture. C. 
TO/ ml cf heparin was added to the in ^ ^ 

same incubation and analysis as B, b incubatio „ 
completely H-desuifated heparan *° „ ith x 

E , same incubation fixture, 
and O-desulfated hepar in * ^ £ 



Hrasi^r^c f ^.-»-- 0 - 

30 defoliated heparin added. 

' '.- • Tnhibitory activities of chemically modified 
FIGURE 5: inhibitory % Hs £ra gments by 

heparins on release of H ^ ^measurements 
metastatic B16 me lanom. heparanase. 
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melanoma cell lysates equivalent to 10* cells with a 
suspension of 'H-HS-agarose beads prepared by partial N- 
desulfation and 3H-acetylation (approximately 20% 
suspension) , and various concentrations of heparanase 
5 inhibitors at 37 'C for 24 hr with gentle mixing. Panels 
a-h indicate the results using the 8 different chemically 
modified heparins as indicated in Figures 1 and 2. The 
inhibitory activities are indicated by the percent 
release of HS fragments compared to the release without 
10 added inhibitors. 

FIGURE 6: Effects of chemically modified heparins on the 
release of 35 S labeled substances from the extracellular 
matrix of mouse lung capillary endothelial cells in 

15 vitro . Heparin and some chemically modified heparins 

induced non-enzymatic release of 35 S labeled materials in 
the absence of B16 melanoma cells, while they inhibited 
the degradation of these macro molecules caused by B16 
melanoma cells. (See: NaXajima . Science 220:611- 

20 613, 1983, for the methods.) 

FIGURE 7: Effects of chemically modified heparins on the 
incorporation of 3 H-thymidine to B16-BL6 melanoma cells 
grown in tissue culture. (See: Irimura ejL_&l- , (1981) 
25 cancer Res. 41:3411-3418, for the methods.) 

FIGURE 8: Adhesion of B16 melanoma cells to bovine 
aortic endothelial cell monolayers. (a) B16 melanoma 
cells were pretreated with modified heparins at room 

30 temperature for 2 hrs, and the adhesion assays were 

performed in the continuous presence of these compounds 
at 37 -C. (b) Endothelial cells were pretreated with 
modified heparins at 37'C for 2 hrs, then adhesion assays 
were performed. (See Nicolson and Custead, (1985) Cancer 

35 Res. 45:331-336, for the methods 
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figure -^JTZZZ—^ 

^zmr^ s- - — — 

^gTissuefwSe *i™d with melanoma cell suspenses 
and incubated at 37'C under gentle gyratron. The 
Cached melanoma colls to the lung t = were 
histologically guantitated after sectioning. S~ 
HtooleenilM.. . ■ '<«•« Invasion Metastasis, 9.1*4 XM. 
for detailed methods.) 



10 



FIGURE 10= Effects of modified heparins on the B16-F10 

vitr o, f rells were counted on 

adhesion experiments. The invaded cells we 

Mm sections under a light microscope. (See Nicol 
L (1985) invasion Metastasis, 5:144-158, for detaxled 



al 

methods.) 



Heparanase from metastatic melanoma cells is an 
endo-beta-glucuronidase which is specific f or HS (Irimu 

. al (1 983b), Gann Monogr. Cancer Res., V 29, PP 
et al., i?8* ;- v 259, PP 

46; Nakajima et al. , (1984) J. »* 
2283-2290) e Although heparin is structurally and 
Z28 "* .• ■ ' r , 4.-^1 +-o hs it is a poor substrate 

r^r^rrin^with 

tor a ? , structural differences 

r^.tln-- : are hased primary the^egrees 
of sulfation of glucosamine residues, and th^ relative 
contents of iduronlo acid. The ™ 
activity of heparin should be determined, therefore by 
Sulfate as well as its carboxy groups. If on. cf 
Lese group were responsible for heparanase inh^on, 
^"information should be useful in developing specie 
Sparanas- inhibitors. Furthermore, since sulfamme and 
otsulfata groups pf glucosamine. o~*™ ~~££ 
iduronic acid, and carboxy groups of urcnrc add are 
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essential for heparin's anticoagulation activities, some 
of the chemical modifications should produce heparin 
derivatives that inhibit heparanase activity but are not 
anticoagulants. 

The glycosaminoglycan derivatives of the present 
invention are derivatives of heparin or heparin analogs 
which are effective inhibitors of heparanase while being 
substantially devoid of the anticoagulant activity that 
is characteristic of heparin. They are useful for 
inhibition of tumor matastases. In particular, preferred 
compounds of the invention are glycosaminoglycan 
derivatives of the following structure: 




Where 

R x -is -COOH or -CH 2 OH and the 

configuration of the carbon atom to which R x is 

bound is fi or L; 
R 2 is -H or -S0 3 "; 
R 3 is -H or -SO3"; 
r 4 is -H or -SO3-; 
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R 5 is -SO3- or -C0-CH3 ; and 
n =3-30; 

. Rj, R 3 and R 5 is -S0 3 J 
When R, "is -COOH, and R 2 , R 3 and R 4 are -H, R 5 
is -SO3"; 

^hon Rl is -COOK, and at least 50* 
B 4 is -so 3 -. R 5 is -CO-CH3; and 

ts^nai j^-jrss 

15 Wgeric unit having a terminal oxyge 

to a blocking group. 

preferred glycosa^inogiycan derivatives of the 
^enlln^clude those having ^ f^,. 
20 structure as given above and ^ b. * U-^ 

— rrr r. =^1-, of t h . present 

25 invention. 

The gi ycoss*ino,lycan derivatives of the invention, 
„hioh are'dU^eric have 

— a? Shr b ^ou- 0 :n; - -.000. 

molecular weight between about 10,000 an 

•- —oanr ^isTtTod 1 reiates to 
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which may play significant roles in the invasive or 
metastatic behavior of tumors. Described herein are 
newly devised inhibitors for heparanase , an enzyme often 
found in tumors, which degrades glycosaminoglycans of the 
extracellular matrix or basement membrane such as heparan 
sulfate. Such degradation is involved with tumor 
penetration of and attachment to biological structures. 

Heparin is a preferred precursor for the synthesis 
of these cancer- inhibiting substances. Other 
glycosaminoglycans may be used as these substances or 
precursors to such substances. These other 
glycosaminoglycans may include, for example, hyaluronic 
acid, chondroitin 4-sulfate, chondroitin 6-sulfate, 
dermatan sulfate, keratan sulfate or heparan sulfate. 
Functionally, these cancer- inhibiting substances have 
qualities of impeding the activity of glycosaminoglycan- 
degrading enzymes and being substantially devoid of 
anticoagulant activity. A generally desireable chemical 
property of usable cancer-inhibiting glycosaminoglycan 
substances is the presence of sulfated amino groups. 

in a general sense the cancer-inhibiting substances 
of the present invention may be synthesized by, for 
example: 

(1) First, identifying a material, usually a 
sulfated glycosaminoglycan, which inhibits heparanase and 
has anticoagulation activity. Then, chemically altering 
this material to substantially remove anticoagulation 
activity while enhancing or at least not removing 
heparanase-inhibitory activity. Many of the Examples 
appended hereto illustrate this approach; or, 

(2) First, obtaining a glycosaminoglycan which 
substantially neither has anticoagulant activity nor 
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devoid of anticoagulant activity. 

Chemically modified substances may be assayed by 

methods of the present invention. 

SOT ====r 
» y ^ ^ «- appropriate aose r 

the Individual subject. 

5 v cancer adjuvant chemotherapy, with or 

in breast cancer, ad, treatment of 

without hormone treatment has been H „ pn , , 

operab le ™^ rUerson'Hospital. adjuvant 

0 temo^erap; ^1 have utilise* as a minimum ^ atment 
protocol, .Program consistin, of 5 -f luorouracxl, 
Lorubicin and .clophosph amid <— ^ 
Monograph, V 1, PP 81 85, ) intervals 
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non-anticoagulation heparin derivatives may be used at 
two times during therapy: (1) during surgery of the 
primary tumor and post-operatively to inhibit the 
dissemination of cancer cells caused by surgical 
manipulation, and (2) during the continuous infusion of 
chemotherapeutic drugs, to prevent tumor cell 
dissemination in the blood and capillary lodgement caused 
by drug damage of normal tissues, such as endothelial 
cells (Nicolson et al. , Cancer Res., V 45_, pp 331-336, 
1985) . The heparin derivatives would be administered 
intravenously in amounts between about 30 mg/day and 
about 250 mg/day, preferably between 30 mg/day and about 
100 mg/day. However, some variation in dosage will 
necessarily occur depending upon the condition of the 
subject being treated and the potency of the particular 
substance. The physician responsible for administration 
will determine the appropriate dose for the individual 
subject. 

in malignant melanoma the following example of 
adjuvant therapy has been used to treat metastatic 
disease. Patients have been treated with an adjuvant 
sequence of cisplatin, vinblastine and bleomycin intra- 
venously every three weeks for a total of three cycles 
(Johnson et al., Cancer Treatment Rep., V j>9_, pp 821-824, 
1985) . The heparin derivatives would be administered 
intravenously, as described above, during administration 
of the chemotherapeutic agents. 

The novel compounds of the invention may be adminis- 
tered alone or in combination with pharmaceutically 
acceptable carriers and will typically be formulated in a 
unit injectable dosage form (solution, suspension, 
emulsion) , preferably in a pharmaceutically acceptable 
carrier which is inherently non-toxic and non-ant igenic. 
in this regard, suitable carriers for formulations in 
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"relation* in accordance with the invention shall 
contain an effective amount of g lycosamrnoglycan 
„ Zivative to impede the spread of cancer cells hy 
metastases or invasion. 

^ aqueous solutions are especially suitable for _ 
parenteral administration m this connect on, «e 
L5 sterile abacus nedia "^^ed in the art. 

-^n^r^r invention is performed 

the patient . 
30 hereto. 
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MATERIALS AND METHODS 

gfegmisal Ms ai£isa£igB of Heparin. Chemical 
modifications and the resultant compounds used in this 
study are schematically shown in Figure 1. Heparin from 
porcine intestinal mucosa (sodium salt) was purchased 
from Sigma Chemical Co. (St. Louis, MO.)- One gram of 
heparin was dissolved in 30 ml of water and applied to a 
1 5 x 8 cm column of Dowex 50W X 8, 50-100 mesh (H form) 
(BioRad, Richmond, CA) at 4'C. The pass-through fraction 
eluted with water was neutralized immediately with 
pyridine and the pH adjusted to between 6 and 7 
(Nagasawa, et al. , (1980a) Meth. Carbohyd. Chem. , V 8, pp 
287-289) . After dialysis against water, the heparin 
pyridinum salt was collected by lyophilization. Partial 
N-desulfation, complete N-desulf ation, and complete N- 
and O-desulf ation, starting with 100 mg each of heparin 
pyridinium salts, were achieved by solvolysis in 10 ml of 
dimethylsulfoxide (ACS grade, Fisher Scientific, Fair 
Lawn, NJ.) containing water or methanol as described by 
Nagasawa, et al. ibid and Nagasawa, et al. (1980b) Meth. 
carbohyd. Chem., V 8, pp 291-294. Reaction conditions 
were 10% water in dimethyl sulfoxide at 20 *C for 1 h for 
partial N-desulfation, 10% water in dimethyl sulfoxide at 
80 *C for 5 hr for complete N-desulfation, and 10% 
anhydrous methanol in dimethylsulfoxide at 80 'C for 18 h 
for complete N- and O-desulf at ion. After these 
reactions, the mixtures were cooled and 1 M sodium 
hydroxide was added to adjust the pH to between 8.5 and 
9.5; the mixtures were dialyzed against running tap water 
and then against distilled water. 

N-acetylation of N-desulfated and N- and O- 
desulf ated heparin was performed with acetic anhydride 
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u„aer alxaline conditions as follows: nm .lU^ 
of modified heparin wore dissolved in 5 ml of 4_5 * 
sodium acetate plus 1.0 ml of methanol and added to 
portions of 1.0 ml of acetic anhydride at 10 mm 
~:is! After 1 hr incuhation with occasional mixing. 



35 



treTeactlon^^wardialyzed against running tap 
ZIZ ^distilled water, and was finally lyophilized. 

The H-resulfation reaction was performed by 
sulfation with a triethylamine sulfur trioxide complex 
prepared according to chemiafc and Davidson's 

«L rj Biol Chem., V 239, pp 2986-2990). Complete 
TZ O-deeulfated heparin (50 mg, was dissolved in 2 ml 
of 1 0 M sodium carbonate and added to 50 -g of 
tr iethylamine sulfur trioxide. The atmosphere was 
replaced with nitrogen, and the mixture was heated at 
Jc for 24 h with occasional agitation. The "sulfated 
heparin was dialyzed against running tap water then 
distilled water, and finally lyophilized. Cerboxyl- 
rdS heparin was prepared from sodium salt of porcine 
intestinal mucosa heparin as described by Taylor et al. 

(«eth. carbohyd. chem. , V 7 , pp 149-171, by use of 
lodiui borohydride (alurich Chemical Co.. Milwaukee WI> 
and N -ethyl-H-(2-dimethylaminopropyl, -carbodiimide 
hydrochloride (Fluka Chemical Co., Hauppauge, H.Y-). 

Procedures. The homogeneity of the 
chemically modified heparins was assessed by 
acetate electrophoresis and high-speed *»-£^T , x 
chromatography. Electrophoresis was - *^ n * 

7 . 6 cm Titan III Zip zone cellulose acetate sheet (Helena 
Laboratories, Beaumont, TX, in 0.5 H/0.5 « pyr.dxne- 
acetate buffer, pH 5.0 (Hata et al., (1979), Anal. 
Biochem., V 45, pp 412-469). Bach 1 ,1 sample was 
applied to 2.0 cm wide stacKing zone which was blotted 
wIL water, before. the sample application (Cappelettl et 
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al., (1979) Anal. Biochem. , V 99, pp 311-320). 
Electrophoresis was carried out under constant voltage 
(75V) for 45 min. During the run the sheet was immersed 
in petroleum ether cooled under ice. The cellulose 
5 acetate sheet was then stained with 0.1% toluidine blue O 
in 1% acetic acid and destained with 1% acetic acid. 

High-speed gel permeation chromatography was 
performed as described previously (Irimura et al. r 

10 (1983a) Anal. Biochem. , V 130, pp 461-468) using a 

Constametric III (LDC-Milton Roy, Riviera Beach, FL) with 
a single 0.7 x 75 cm stainless steel column packed with 
Fractogel TSK HW-55(S). Elution was accomplished with 
0.2 M sodium chloride at flow rates of 1.0 ml/min or 0.75 

15 ml/min. Absorption at 210 nm was monitored for the 
analogs of chemically modified heparin. For the 
qualitative examination of radiolabeled HS-degradation 
products, each fraction corresponding to 30-sec elution 
was collected into plastic scintillation vials, and 

20 radioactivity in each vial was determined after the 

fraction was mixed with 3.0 ml of Hydrofluor (National 
Diagnostics, Somerville, NJ) . 

source of H enaranase. Highly invasive mouse B16 
25 melanoma (B16-BL6) cells were provided by Dr. I. J. 

Fidler, (M.D. Anderson Hospital, Houston, TX) and were 
cultured as previously described (Irimura et al., (1983a) 
and irimura et al. (1984)). Cell extracts were prepared 
in 5 mM Tris-HCl buffer, pH 7.4, containing 0.25 M 
30 sucrose, 50 MM calcium chloride, 10 phenylmethyl- 

sulfonylfluoride, and 0.2% Nonidet P-40 (Irimura et al., 
(1983). The melanoma extracts were stored frozen at - 
80 *C and used as crude heparanase. 

35 Radio-Labeling of HS . 14 C- or 3 H-heparan sulfate was 

prepared by chemical deacetylation and radioactive 
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*. -, «-V«n Nine milligrams of bovine lung HS were 
I^d w £ £i mg ° r ^afine sulfate over phosphorous 
-ntoxlue under vacuum «t 50'c for 48 h. Anhydrous 
pentoxrde una Cne mical, Rockford, ID was 

Tsd"o e t,s'Lrsd H and * mixture heated in a tightly 
5 Trewsd t ^ unuer nitrogen atmosphere at 100"c for 1 ^ 
Mtsrlhe reaction, the hydrazine was removed hy repeated 
^atWwith toluene over *^ 
L.L vacuum conditions. To separate deacetylated HS 
10 ZZ residual reagents and partial degradation products 
10 ^completely dried residue was dissolved * 0 5 ml 

r^me fraction was collscted 

sodium acetate for iS hrs. K-acetylation was 
looted by addition of 0.1 ml of unlabeled acetrc 
IXdrileto the reaction mixture and incubation for 1 h. 

%-HS was purified on a BioGel P-10 column as 
described above. 

were mixed with chemically 

^±£2£r£ sXm^spha:: » 

XcontliXg O^Uon X-lOO. o.e « sodium chloride, 
ana o.4 % sodium azide) and about 3000 cpm of C HS 
^lhation*«as performed at 37*C with continuous gentle 
S£f*k h. The reaction mixture was placed on ice. 
20 ^1 of 50* trichloroacetic acid was added an, 
incubation continued on ice for 10 mm. After 
^ifugation atSOOO x G for 5 min in a Microfuge » 
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(Beckman Instruments, Irvine, CA) , the supernatant was 
injected into the gel-permeation chromatography system 
and analyzed as described above (Irimura et al., 
(1983a) ) . 

5 

Prpn a r a tion o f solid-phase substrata for Heparanase 
inhibitor Assays . For the solid-phase heparanase 
assay, 3 H-HS was aminated at the reducing terminal with 2 
M ammonium acetate in the presence of 0.4 M sodium 

10 cyanoborohydride in 50% methanol, at 50 *C for 6 days. 
Aminated 3 H-HS was purified by gel filtration as 
described above, and the resulting solution was diluted 
to 0.1 M in sodium carbonate. To 10 6 cpm of aminated 3 H- 
HS, 1.0 ml of Affi-Gel 15 (Bio Rad) gel beads was added 

15 after they were washed with isopropanol and chilled 

water. The coupling reaction was continued at 4*C for 48 
h with continuous agitation. The gel beads were then 
reacted with 0.1 M glycine monomethyl ester dissolved in 
0.1 M sodium carbonate for 1 h at room temperature and 

20 then washed with 4 M sodium chloride repeatedly to remove 
noncovalently attached 3 H-HS from the beads. 

.etnlid-ph s sft Assays for Heparanase and Heparanase 
fnhibitors . 3 H-HS-agarose was suspended in Dulbecco's 

25 phosphate buffered saline (DPBS) at about 20% (v/v) . The 
incubation conditions for the solid-phase assay were 
identical to those of the HPLC assay, except that 75 nl 
of the 3 H-HS-agarose suspension was used instead of the 
HS so that the incubation mixture consisted of B16 

30 melanoma extract, chemically modified heparins, 4X 

heparanase assay buffer, and 3 H-HS-agarose suspension. 
After incubation, the reaction mixture was placed on ice, 
chilled 5% trichloroacetic acid (50 ul) added, the 
mixture incubated for 10 min, and centrifuged. 

35 Radioactivity in the supernatant and the pellet was 
determined separately after mixing with Hydrofluor. 
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mlSBSmS^lM- ' .: (Kingston, M» and 

gained Le'fed normal rodent 

-rr— — r 
— ■ i >t*r££ t:rr»rr" - — 

incubating . in 2 mM KDT*. and upended in 

phospbate-beffer, pH 7 - 4 ' £o ^ ^ esse ntial 

a l:i mixture of DulbeccCs modified mxn lBoubated 

with heparin, » lfate d heparin or carboxy-reduced 

result ated N and o-desulfated h P at 

h eparin .each - ^ ( . . ^ 

£ Z:ZV^^ TlZ ea™ «- - 

pulmonary tumor nodules wer forlialiB in Dulbecco's 

perfused via the ^*Z^^ pal „ tumor 

EXAMPLE 2 
CHEMICALLY MODIFIED HEPARINS 
• . Modifications. Porcine intestinal mucosal 
the representative structures in Figure 

rit/JUorotic mobilities bf ^ _ 

compared ^^more slowly tban intact heparin under 
heparins migrated more slowly 0 . aes ulfated 

the -^^y^J^ng gel and did not 
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distances of the modified heparins were, in order from 
shortest to longest: N- and o-desulfated heparin, N- 
acetylated N- and O-desulfated heparin, N-desulfated 
heparin, N-resulfated N-and o-desulfated heparin, N- 
acetylated N-desulfated heparin, partially N-desulfated 
heparin, and carboxy-reduced heparin. High-speed gel- 
permeation chromatography of these substances was 
performed as described in Example 1 (Figure 3). A slight 
change in the apparent molecular size was observed, 
probably as a result of detachment and reattachment of 
the relatively bulky side groups to the heparin chain. 
Degradation products were not observed in any of the 
modified heparin preparations as determined by high speed 
gel permeation chromatography 



HPLC ASSAY OF HEPARANASE INHIBITORY 
ACTIVITIES OF CHEMICALLY MODIFIED HEPARINS 

intact heparin, N-desulfated heparin, N- and O- 
desulfated heparin, and N-sulfated N- and o-desulfated 
heparin (4 mg/ml dissolved in water ( were mixed with 5 
M l of crude heparanase and 14 C-HS as described above, 
elution profiles of the radioactivity on high-speed gel- 
permeation chromatography are shown in Figure 4. The 
elution profile of 14 C-HS incubated with heat-inactivated 
(loo* c for 5 min) heparanase was identical to that of 
untreated 14 C-HS, which eluted at the position corres- 
ponding to an approximate M r of 34,000. After incubation 
with heparanase, the average apparent Mj. decreased to 
6,000. in the presence of heparin, no degradation was 
observed. N-desulfated heparin or N- and o-desulfated 
heparin failed to inhibit degradation of HS by 
heparanase. After N-resulfation of N- and o-desulfated 
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provided that the amino groups are completely re 
EXAMPLE 4 
SOLID-PHASE ASSAY FOR HEPARANASE 

»- — ".%-r'rjr„r."rr 

153, pp i" " ' a » =^<ri -residues at its 

«-vh, hs ^reparation contained amino acid residues 

^-.^.rj Ulcelv to be useful. Next, 

proteins (Fukuda et al. (1976) ^ ^ 

1223-1232); irimura et al., (1981) Biocn 
0 566 were chosen because of possible cleavage of 
,0 566) were thr0 ugh these amino groups. 
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terminal by reductive amination, and coupled to Affi-Gel 
15 linkage under alkaline conditions. The proportion of 
labeled HS coupled to agarose beads fluctuated between 50 
and 80% calculated from the amount of material used for 
the amination reaction. As a heparanase substrate, 
partially N-desulfated and N- %- or "c-acetylated HS are 
also as useful as deacetylated and reacetylated HS. 
Partial N-desulf ation of HS was achieved by the same 
reaction conditions used for partial N-desulfation of 
heparin described under Materials and Methods. 



HEPARANASE INHIBITION BY *»«*g"S2? 
HEPARINS AS MEASURED BY A SOLID-PHASE ASSAY 

The dose response curves of the inhibitory effects 
of chemically modified heparins are shown in Figure 5. 
The use of i) intact, ii) N-desulfated, iii) M- and 0- 
desulfated and iv) N-resulf ated. N- and O-desulfated 
heparin produced results consistent with those of the 
HPLC assay. N-desulfated and N- and O-desulfated heparin 
failed to how any inhibitory activity, whereas partial 
restoration of activity was obtained by the addition of 
sulfamino groups (Figure 5g) . Interestingly, when the 
exposed amino groups formed by N-desulfation were 
acetylated, heparanase inhibitory activity was partially 
restored (Figure 5d) . N-Acetylation of N- and O- 
desulfated heparin did not, however, restore the 
inhibitory activity (Figure 5f ) . These results indicated 
that sulfamino groups, although they affected heparanase 
inhibition, were not essential for it. Removal of 
sulfamino groups, but with intact o-sulfate groups of 
heparin resulted in inhibitory activity, provided that 
the exposed amino groups are blocked by acetylation. 
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r^boxv-reduced heparin was shown to possess weaker 

have been described concerning »^' m ***™£l** 
activity on the growth of smooth muscle cells (Castello 
et al.. (1984) J- Cell. Physiol.. V 120, PP 315-320). 



EXAMPLE 6 
MODIFIED HEPARINS AS ANTICOAGULANTS 
Anticoagulation activities of N-.cetylated B-desul- 
.ate^parin! N-remulf.ted M- and o-^^Tsp 
and carboxyi-reduced heparin were measured by the USP 
standard assay. The anticoagulation activities of 
three compounds were each less than 1% of the 
anticoagulation activity of unmodified heparin. 



EXAMPLE 7 



PPFECTS OF MODIFIED HEPARINS ON 
. E ££S!mENTAL BLOOJO-BORME LUNG 
COLONIZATION OF B16 MELANOMA IN MICE 

*s shown in Table 1, the number of visible melanoma 
colonies IHung 20 days after the -potion of the tumor 
cells was significantly reduced by preincubation of the 
ceils with intact or chemically modified heparin. The 
er ect of intact heparin was greater, probably ™e 
additional factors such as inhibition of melanoma-induced 
otatelet aggregation were involved. Since these three 
Really modified heparins do not possess anticoagula- 
TZ activity, the inhibition of melanoma lung colonize- 
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tion appeared to be due to inhibition of melanoma 
heparanase. 
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EXAMPLE 8 



EFFECTS OF MODIFIED HEPARINS ON THE DEGRADATION OF KWG 
cSSSSx ENDOTHELIAL MATRIX BY MELANOMA CELLS IN VITRO 

Effects of chemically modified heparins on the 
release of 35 S-labeled polysaccharides from the extra- 
cellular matrix of mouse lung endothelial cells were 
studied ^ vitro . The endothelial cells isolated from 
mouse lung capillary were grown in the presence of S- 
sulfate, and the extracellular matrix-like material was 
isolated on multiwell plastic tissue culture plates by 
hypotonic lysis of the cells. The matrices (1 cm 
diameter) were incubated with mouse B16-BL6 melanoma at 
37 -C for 18 hours. The released radioactivity was 
counted. 

As shown in the Figure 6, N-resulf ated- N-, O- 
desulfated heparin and carboxyl-reduced heparin 
effectively blocked the degradation of sulfated 
molecules, most likely heparan sulfate proteoglycans, by 
melanoma cells. Heparin apparently induced spontaneous 
release of 35 S labeled macromolecules , while such effects 
were minimal with modified heparins. 
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EXAMPLE 9 
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„ ne .j h < Htv that the effects of 
^edified heparans on toxic effects 

- 1"^. : melanoma - the Presence 

on t»e cells, the growth ^ cxamlnod ^^o. 

or absence. ^«ied nep ^ M 

^STWI density X0.000 per each 1 cm ~U in 
culture Plates at a^dens. y . ser(m _ gix 

the presence or absence of 

hours ^- ^ ^^r^™ » 
later 3 H thymidine was added to a fina 

u ci/ml. Arter further M hour *^T^ oollectea , 
SSfK^TSS^r: ^n neutralised 
^ counted on a liquid scintillation counter. 

Fl9 ure 7 shows typical data ""^^3^ 
<J*±t icant effects on the incorporation of H 

» no S19D "Title shown by unmodified heparin H- 
thymidine to B16 cells snown oy ». o- 

host interactions. 
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EXAMPLE 10 

EFFECTS OF MODIFIED HEPARINS ON THE ADHESION OF 
B16 MELANOMA CELLS TO THE MONOLAYER AND JO THE 
EXTRACELLULAR MATRIX OF LUNG CAPILLARY ENDOTHELIAL CELLS 

One of the most critical steps in the tumor cell- 
microvascular endothelium interaction during metastatic 
lung colonization of melanoma cells is the adhesive 
interaction of melanoma cells with endothelial cells. 
The effects of modified heparins on the adhesion of B16 
melanoma to the cell monolayer and to the extracellular 
matrix of lung capillary endothelial cells were studied 
in vitro . The endothelial cells were grown in tissue 
culture and the extracellular matrices were isolated as 
described in Example 8. Figure 8(a) shows the time 
course of the adhesion of B16-BL6 cells previously 
treated with modified heparins to the monolayer of 
endothelial cells, in the continuous presence of modified 
heparins. None of these compounds, including intact 
heparin, significantly altered the time course of the 
adhesion of B16-BL6 cells to the endothelial cell 
monolayer. Prior treatment of endothelial cells for 2 
hrs with these compounds also resulted in no significant 
alteration in the adhesion (Figure 8(b)). 



EXAMPLE 11 



-, n EFFECTS OF MODIFIED HEPARINS ON ADHESION 

TO AND INVASION OF ORGAN- CULTURED 
LUNG TISSUES BY MELANOMA CELLS IN VITRO 

The effects of these glycosaminoglycan derivates on 
35 organ-specific adhesion and invasion of B16 melanoma 
cells were studied by using primary organ culture 
techniques in vitro . Minced lung tissues (0.5-1.0 cubic 
mm) from C57BL/6 mice were placed in glass vials and 
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„ *' fl in HEPSS-bof fared Dulbecco's modified minimum 
™dif co„ t aini ng 10% fetal bovine serum and 50 

n ---- - ut 

Mt tedium was = d to^ aaaea ^ a tinai 

9 I r t"ion of 100,000/Bi with or without various 
concentration of >0 , J incutet ion tines, the 

mcdif led heparxne ^ ^ and prooes sed for 

tissues were fixed xn h ^ ^ ^ ^ 

hematoxylin and eosin. 

As shown in Figure 0, the number of melanoma cells 
attaching to the surface of minced lung tissues - 
signifioantW affect- by the ^^f^f 
^irlftrr^/^^d^fied heparins 
E Z tec ifvasion of BIO melanoma cells to the lung 
v.«™ -in Fioure 10. These data clear xy 

lung invasion of B16 melanoma cells. 
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DERIVA BY MELANOMA CELLS 

comically modified heparins were tested in mice as 

The mice wer TOic e were intravenously 

BL melanoma cells. Treatea m . . a11v 

inoculation; with the melanoma cells. The chemically 
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modified heparins used were: N-acetylated N-desulfated 
heparin; carboxyl-reduced heparin; and N-resulfated N, O- 
desul fated heparin. 

Mice were killed 20 days after tumor inoculation and 
autopsied. The numbers of pulmonary tumor colonies were 
counted after the lungs were perfused via the trachea 
with 4% formalin in Dulbecco's phosphate-buffered saline. 
The results of these manipulations are shown in Table 2. 
As may be seen in Table 2, heparin as well as the 
glycosaminoglycan derivatives substantially devoid of 
anticoagulation activity all impeded the establishment of 
metastatic tumor colonies in the lungs. Although heparin 
itself inhibited formation of lung metastases, the 
carboxyl-reduced heparin was most effective in this 
particular manner. 
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EXAMPLE 13 

TN VIVO INHIBITION BY HEPARIN 
DERIVATIVES OF METASTATIC COLONIZATION 
5 BY MAMMARY CARCINOMA CELLS 

Inbred 8-week-old female Fischer (F344/CDL) rats 
were supplied by the Charles River Breeding Laboratories 
(Kingston, NY) . Animals were quarantined for 7 days 
io before use and feed standard rodent chow and 

vmchlorinated spring water ad libitum. They were 
maintained under guidelines set forth by the University 
of Texas M. D. Anderson Cancer Center and the Institute 
of Laboratory Animal Resources, National Research 
15 council. As a source of breast carcinoma cells, a cloned 
line of the 13762NF rat mammary adenocarcinoma MTF7 
(Neri, A., Welch, D.R. , Kawaguchi, T., Nicolson, 6. L. J. 
Natl. Cancer Inst., 68:507-517, 1982) was used. The 
cells grown at 37 'C in an atmosphere of 5% C0 2 in 
20 humidified air in an 1:1 mixture of Dulbecco's modified 
minimum essential media and Ham's F12 media containing 
10% fetal bovine serum and no antibiotics in 100 mm-diam. 
tissue culture plates. 

25 The cells used in this study were in exponential 

growth phase and were from passages 14 to 20 in vitro and 
were free of mycoplasma and viral contamination. Cells 
were detached from tissue culture plates by brief 
treatment with 2 mM EDTA and 0.25% trypsin, rinsed with 

30 media (1:1 mixture of Dulbecco's modified minimum 

essential media and Ham's F12 media) containing 10% fetal 
bovine serum and with serum-free media, and then 
suspended in serum-free media. 

35 unmodified and chemically modified heparins 

(irimura, T. , Nakajima, M. , Nicolson, G. L. Biochemistry, 
25:5322-528, 1986) were dissolved in Dulbecco's phosphate 
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desulfated heparin, or carfcoxyl reduced P 
hours later, the same rate were mooted r.v w 

f T 1S "1a^ were^Teated with unified or chemically 



20 



cells. 



were Killed 30 days after the initial injection 
Rats wet« number of lung 

of carcinoma cells and exammed for 
tumor colonies, that should 

astatic spread of r, car™ ce Is.^ ^ 

reSUl ntTff"in -it e^nt: the H-ec.tylated, 
nSS?^. car^l-redu Caspar ins were.sc 
effective. The latter two derxvatxves are 
depleted in anticoagulation activxty. 
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Changes may be made in the operation and arrangement 
of the^riou. elements, suhstanoes end procedures 
-scrtoTherein without departing from the oonoept end 
described nerei following 
scope of the invention as defined m ^ 

claims. 

10 
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CLAIMS 

l. A method comprising: 

a heparin derivative which is substantially devoid 

of anticoagulation activity and is an effective 
inhibitor of heparanase activity, for use in 
impeding the formation of tumor metastases in a 
host . 

2. The heparin derivatives of claim 1 defined as 
administered to the host in a therapeutic amount of 
between 30 mg/day and 250 mg/day. 



3. The heparin derivative of claim 1 defined as having 
sulf amino or O-sulfate groups. 

4 The heparin derivative of claim 1 defined as having 
a molecular weight between 1,000 and about 15,000. 



25 5. The heparin derivative of claim 1 defined as having 
a molecular weight between 10,000 and 12,500. 



6. The heparin derivative of claim 1 wherein the tumor 
30 is a melanoma or a mammary carcinoma. 

7. The heparin derivative of claim 1 defined as having 
the formula: 
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»2 



where ;/•; 

'* is -COOH or -CH 2 OH and the contiguration ot the 
Rl «b- to which Bl is hound i. » or L, 

r 2 is -H or -SO3- 
r 3 is -H or -SO3-; 
r 4 is -H or -SO3-; 
r 5 is -H, -SO3- or -CO-CH3; 

n is 3 to 30 ' and ■ unit is a m0 nomeric 

each terminal monomerzc unit is a 

repeating unit with a terminal oxyge 

being bound to a blocking group. 

8 . ^ heparin derivative - claim 1 defined as having 
the formula: 




35 
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where 

R is -COOH or -CH 2 OH and the configuration of the 
1 carbon atom to which R x is bound is D or L; 

R 2 is -H or -S0 3 ~; 

r 3 is -H or -SO3"; 

R 4 is -H or -SO3"; 

r 5 is -SO3- or -co— CH 3 ; and 

n = 3-30; 

provided that: when R x is -CH 2 OH, at least 50% of 
r 2 , r 3 and R 5 is -SO3-; 

when R X is -COOH and R 2 , R 3 and R 4 are -H, R 5 is - 
so 3 " ; 

when Rl is -COOH and at least 50% of R 2 , R 3 and R 4 is 
-SO3-, R 5 is -CO—CH3; and 

each terminal monomeric unit is a monomeric 
repeating unit having a terminal oxygen atom bound 
to a blocking group. 



9. A method for producing a metastasis-inhibiting 
substance comprising: 

purifying a naturally occurring material which 
inhibits heparanase activity and has 
anticoagulation activity; and 

synthesizing derivatives of this material to 

substantially remove anticoagulation activity 
while enhancing or at least not removing 
heparanase-inhibitory activity. 
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10 . The method of claim . wherein the materia! is a 
sulfated glycosaminoglycan. 

xl . The method of claim 9 wherein the material is 
heparin* 

12 . A method for producing a metastasis-inhihiting 
substance comprising: 

ohtaiming a ^^^^^^^ 
has neither anticoagulant activity n 
heparanase ; and 

Rising derivatives of 

a process comprising sulfation o 

to oroduce a glycosaminoglYcan derivative 

^^eparanase-inhihiting activity hut heing 
suhstantially devoid of anticoagulant activity. 
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SUBSTITUTE SHEET 
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SUBSTITUTE SHEET 
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SUBSTITUTE SHEET 
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EFFECTS OF MODIFIED HEPARINS ON ENDOTHELIAL MATRIX 
DEGRADATION 



C A RBOX YL- RED (0.5mg /ml ) 
N-RS-N0-DS(0.5mg/ml) 
N-Ac-N-DS(0.5mg/ml) 
HEPARIN(0.05mg/ml) 
HEPARIN (0.5mg/ml) 
UNTREATED 



□ -MELANOMA CELLS (A) 
0. MELANOMA CELLS (B) 




10 20 30 40 

PERCENT RELEASE OF S-35 SULFATE 



EFFECTS OF MODIFIED HEPARINS ON THE GROWTH OF 
B16-BL6 MELANOMA CELLS 



CARBOXYL-RED (0.5mg/ml) 
N-RS-N0-DS(0.5mg/ml) 
N-Ac-N-DS(0.5mg/ml) 
HEPARIN (O.OSmg /ml) 
HEPARIN (0.5mg/ml) 
NONE 




10000 20000 
♦ SERUM 



40000 



□ ♦ SERUM (A) 
0 -SERUM IB) 



SUBSTITUTE SHEET 
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EFFECTS OF MODIFIED HEPARIN -TREATMENT OF MELANOMA CELLS 
ON THEIR ADHESION TO ENDOTHELIAL MONOLYER 




■ UNTREATED 

• INTACT HEPARIN (0.5mg/ml) 

■ N-Ac-N-DS(0.5mg/ml) 

♦ CARBOXYL-RED(0.5mg/mt) 

■ N-RS-N0-DS(0.5mg/ml) 



ADHESION OF MELANOMA CELLS TO ENDOTHELIAL CELLS 
PREVIOUSLY TREATED WITH MODIFIED HEPARINS 




20 40 
TIME (min) 



■ UNTREATED 

♦ INTACT HEPARIN laSmg/ml) 

■ N-Ac-N-DSl0.5mg/mU 

♦ N-RS- N0-DS(0.5mg/mU 

■ CARBOXYL - RED lQ5mg/ml) 



SUBSTITUTE SHEET 
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INHIBITION OF MELANOMA ADHESION TO LUNG TISSUE 




1 2 3 4 5 

MODIFIED HEPARIN ADDED (0.5 mg/ml) 



□ 6hr (A) 
0 18hr (B) 
H 2<.hr (C) 

1 : NONE 

2: HEPARIN (0.5mg/ml) 
3: N-RESULFATED-N 

,0-DESUlFATE (0.5mg/ml) 
4: CARBOXYL REDUCED (0.5 mg/ml) 
5: N -ACETYL ATED - 

N-DESULFATED (0.5 mg/ml) 



INHIBITION OF MELANOMA INVASION TO LUNG 




, 2 3 4 5 

MODIFIED HEPARIN ADDED (0.5 mg/ml) 



□ 18hr(A) 
0 24hr(B) 
B 36hr(C) 
1:N0NE 

2: INTACT HEPARIN 
3:N-RS-N0-DS 
U : CARBOXYL - RED 
5: N-Ac-N-DS 



SUBSTITUTE SHEET 
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